Macroeconomic instability, characterised by high inflation, a fragile foreign exchange position, high rates of interest, increases uncertainty for any investor or producer and hence slows down economic growth. While this is generally accepted, the usual perception about the agricultural sector, particularly in India, is that it is immune to general macroeconomic shocks. In this paper, we intend to examine this perception formally using a vector auto regressive model. By studying the significance of macroeconomic conditions to the agricultural sector, we observe that the sector is not insulated from macroeconomic shocks.
Introduction
A conducive macroeconomic environment is necessary for rapid economic growth. Macroeconomic instability, characterised by high rates of inflation, a fragile foreign exchange position, high rates of interest, increases uncertainty for any investor or producer and hence slows down economic growth. Besides these direct indicators, macroeconomic instability may also be indicated by overall imbalances such as the fiscal balance and external current account balance, especially when prices are under administrative controls. An underlying assumption in these arguments is that production sectors are influenced by macroeconomic conditions. Any attempt to examine this proposition will require identification of the indicators of macroeconomic conditions and of the performance of the sectors.
In the Indian context, the agricultural sector has been important from a policy perspective for several reasons. Even from the point of view of accelerating economic growth, transition from an agrarian economy to an industrial or modern economy would depend on how well the agricultural sector enables this transition. Therefore, besides the concerns relating to employment and poverty alleviation, the performance of agriculture is of policy interest from the viewpoint of accelerating economic growth as well. In this context, the general belief is that overall macroeconomic policies have little effect on the agricultural sector and that we need sector-specific policies to boost this primary sector of the economy. While the latter may be true, the macroeconomic environment may also have non-trivial effects on the agricultural sector. It is necessary to examine this hypothesis more rigorously, as if it does influence agricultural performance, it would be important to understand the significance of this impact in designing policies for agriculture.
The key to understanding the impact of changes in macroeconomic parameters at the sectoral level is the transmission mechanism of these policy impulses to the various sectors both directly and indirectly through inter-sectoral relationships. Such impact assessment is often made in the framework of macroeconomic models in which agriculture and other sectors are featured in detail. Rangarajan (1982) provides one of the early attempts at estimating the inter-linkages between agriculture and industry. There are other studies, such as those of Narayana, Parikh and Srinivasan (1991) , Strom (1993) and Kalirajan and Bhide (2003) , where the impact of macroeconomic policies on agriculture is simulated using economy-wide models for India. Shand and Kalirajan (1999) provide another approach at capturing these linkages where they examine inter-sectoral dependence through Granger causality tests. Both these approaches capture two-way links: from agriculture to the nonagricultural sectors and vice-versa within an implicit or explicit specification of a macroeconomic environment. In one of its recent reports, the Reserve Bank of India (2002) draws attention to the impact of rising food subsidies on macroeconomic conditions. However, the analysis is limited to the one-way linkage.
India saw very wide-ranging changes in macroeconomic policies in the 1990s. The changes at the macroeconomic level were changes in the fiscal and financial sectors, trade and investment policies. It has been argued that agriculture was only indirectly affected by these reforms. The industrial sector was most affected directly by the removal of the production licensing system enforced through control over new investments. Changes in the financial sector including exchange rate policies and attempts to stabilize fiscal imbalance, however, can be expected to have an impact across all the sectors. How important was this impact to agriculture?
Economy-wide models, of macroeconomic variety or the CGE type, provide a comprehensive analytical structure for analysis. One limitation of the macroeconomic models is of course that much effort 3 is needed to build the structural equations that incorporate the various inter-relationships and it is often difficult to check for the impact of changes in polices due to changes in the structure. A more flexible approach to the assessment of the impact of impulses emanating from the macroeconomic factors to agriculture is the framework of timeseries analysis. We should note at the outset that the VAR approach essentially captures the 'reduced form' relationships among the selected variables. Interpreting the estimated linkages in a theoretical framework is not easy because the theoretical specification is not complete in a VAR.
This paper is an attempt to assess the nature of the interrelationship between selected macroeconomic factors and agriculture using the vector auto regression (VAR) approach. The VAR approach provides a general framework for assessing the impact of inter-related variables 1 . The general framework of analysis we adopt here is to first specify a set of variables that capture the performance of agriculture and a set of variables that specify the macroeconomic environment. The agricultural variables we consider are real agricultural GDP, agricultural exports and fixed investment in agriculture. The last mentioned variable is measured through the gross fixed capital formation (both public and private) in the agriculture sector. The macroeconomic variables are interest rate, foreign exchange rate of the rupee and fiscal deficit of the Central Government. We then use two methods of quantifying the impact of macroeconomic factors on agriculture. One approach is to estimate the VAR and the impulse response functions. The second approach is the variance decomposition to quantify the impact of the macroeconomic factors on agriculture. We have used annual data for the period 1970-71 to 2000-01 for the analysis. This period covers a variety of experiences both in macroeconomic conditions, agricultural performance and policies.
The rest of this paper is devoted to the presentation of the results of analysis and discussion of the findings. To provide a context for the analysis that follows, we briefly review the trends in some of the major macroeconomic variables and discuss the likely impact of these changes on agriculture. We then present a discussion of the trends in selected macroeconomic variables, followed by methodology and results of the VAR analysis respectively. A concluding section follows at the end.
Conceptual Framework
India's macroeconomic policies have generally attempted to ensure adequate resources for the investment programmes of the public sector while maintaining adequate supplies of essential commodities for mass consumption. Sectoral policies, whether in agriculture or industry, were cast within the overall framework of macroeconomic goals. India's macroeconomic stabilisation programme of the 1990s that preceded and then overlapped the structural adjustment reforms aimed at reducing the fiscal imbalance, reducing the current account deficit, moderating inflation, correcting the overvalued foreign exchange rate and bringing down interest rates. The emphasis on public sector investment has changed to investment that is commercially viable. While food security and economic growth remain critical objectives, there is greater stress on maintaining the conducive macroeconomic environment rather than on direct public investment at the micro level. Do these changes have an impact on agriculture? To attempt an assessment of this question, we will need to identify the factors that describe the macroeconomic conditions and the variables that describe performance of agriculture. In this section, we identify these factors and variables, examine the trends in these variables over time and provide a discussion of the potential mechanisms by which the impact of changes in the macroeconomic conditions is transmitted to the agricultural sector.
Selection of Variables for Analysis:
Of the many indicators of macro-economic conditions, we focus on aggregate market imbalances and aggregate prices to discern the impact of macro-economic conditions on agriculture. The imbalances that we have chosen to reflect macro-economic conditions in this study are the fiscal imbalances of the Central Government and the external current account balances. The three aggregate prices chosen for the analysis are interest, exchange and inflation rates. Prices would reflect market conditions fully only if policy measures are not used to control these prices in the divergence of market forces. In the Indian context, although controls over prices existed, at the aggregate level, the controlled prices also saw gradual adjustments with respect to market conditions. Besides the potential for direct impact, these variables capturing the macro level imbalances and price conditions also trigger policies that may have a direct impact on specific sectors. For example, severe external balance constraints may lead to policies, that support exports. Similarly, high rates of inflation bring to focus the need for ensuring adequate supplies of essential goods of consumption and therefore greater attention to policies that raise agricultural growth.
In this sense, the choice of variables to reflect macro-economic conditions should include the indicators that not only have a direct impact on the performance of agriculture but may also influence agriculture indirectly through policies resulting from macro-economic conditions.
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With these considerations, five broad measures of macroeconomic conditions selected for further analysis in this study are: gross fiscal deficit of the central government (GFDC), current account balance (CAB) and interest, exchange and inflation rates.
To assess the impact of macroeconomic factors or conditions on agriculture, we also need to identify the variables that reflect the performance of agriculture. In this study, we consider the variables that capture different dimensions of agricultural sector. Agricultural investment, agricultural exports and agricultural GDP are the three variables selected in the study to reflect the performance of agricultural sector. They reflect the overall output performance of agriculture and also relate more directly to interest rate, inflation rate and exchange rate changes. Interest rate conditions affect agricultural investment and changes in exchange rate influence exports. The overall agricultural GDP is inter-linked with inflation rate and all other factors that influence either the demand or the supply of farm products.
In most cases of the above five macro-economic indicators, alternative measures are available. In the case of interest rate, a number of interest rates are available indicating the wide range of financial markets. We have selected a rate that is a benchmark for investment lending by the commercial banks. A combination of the minimum lending rate of IDBI and the Prime Lending Rate (PLR) of commercial banks (PLRX) was chosen as the interest rate for analysis in this study. In the case of exchange rate, we have selected real effective exchange rate of the rupee (REER) which is a trade weighted real exchange rate of 36 major trading partners of India. The consumer price index for industrial workers (CPI_IW) is used as an indicator of inflation rate in the present study.
The Macroeconomic Trends of the Variables
The key variables that are tracked in this section (Table A. 2 in Appendix presents the data used for the study) include the two 'gaps' in macroeconomics: fiscal deficit and the current account deficit. We have focused here on the fiscal deficit of the Central Government, as the initial correction under the stabilisation program was at this level of government. In addition, we also present the trends in inflation rate, real exchange rate (REER) and interest rate 2 .
The intense pressures of fiscal and external sector imbalances at the time of the macroeconomic crisis of 1990/1991 are well known. The macroeconomic crisis triggered many economic policy changes.
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Two of the key indicators that reflected the crisis were the fiscal and external imbalances.
Attention was focused on the gross fiscal deficit of the Central Government although the overall fiscal imbalance is known to be much higher than this deficit. Figure 1 presents the trends in fiscal deficit at the Central Government level and for comparison the Centre plus States levels for the period 1970-71 to 2002-03. We note the similarities and differences in trends in the two deficits. The pattern of deficits shown in Figure 1 indicates a similarity in their trend up to mid-1990s. Until this period of around 1996-97, there are two phases in the pattern of the trend. First, from 1970 First, from -71 to 1991 there is a rising trend in both the deficits. However, from 1991-92 to 1995-96, there is generally a declining trend in both the measures of fiscal deficit. From around this period of 1997-98, both the deficits rise. C e ntre p lus S ta te s C e ntre 1950-51 1953-54 1956-57 1959-60 1962-63 1965-66 1968-69 1971-72 1974-75 1977-78 1980-81 1983-84 1986-87 1989-90 1992-93 1995-96 1998-99 2001-02 7
In the case of external balance, CAB captures fully the conditions relating to the payment and receipts under current external transactions. The ability of the nation to finance its foreign exchange requirement of imports is reflected in the CAB, especially when the capital inflows are meager. Although there is the measure of trade balance, which covers the conditions in the merchandise trade, the current account balance is more comprehensive.
The trends in CAB are shown in Figure 2 . From 1978-79 to 2000-01, the balance was always a deficit. In the 9-year period before 1978-79 up to 1970-71, there were three years in which the balance was a surplus. For a period of about 25 years since the late 1970s, the external current balance was in deficit. In some years, the deficit exceeded 2% of GDP. There was continuous improvement in the CAB, following macroeconomic stabilization and foreign exchange policy and trade policy reforms in the 1990s. Until the late 1990s, CAB was a critical factor in much of the macroeconomic policy debate. One reason for the policy sensitivity to CAB was the lack of significant capital inflows over and above the financing needs of the current account. This situation has changed dramatically especially since 1999-00. The improvement in CAB has also been accompanied by capital inflows to swell the foreign exchange reserves leading to a decline in the concern over CAB. Policy concern over CAB influenced export policies in the past. There is of course no indication of any reduction in the support for exports but given the multi-lateral trade commitments, export performances now have to depend more on intrinsic competitiveness rather than policyindicated competitiveness.
The three price-related rates of macro or aggregate markets, viz. the inflation, exchange and interest rates are shown in Figures 3-5. 1971-72 1973-74 1975-76 1977-78 1979-80 1981-82 1983-84 1985-86 1987-88 1989-90 1991-92 1993-94 1995-96 1997-98 1999-00 2001-02 The inflation rate, CPI_IW ( Figure 3 above) has seen a declining trend especially in the second half of the 1990s. After reaching doubledigit level in 1991-92, the inflation rate remained above 5% during the period 1992-93 to 1998-99. It rose above 10% in 1998-99 but returned to less than 5% in the subsequent period up to 2002-03.The nominal interest rate, PLRX, increased sharply in 1991-92 and remained about 15% up to 1996-97 ( Figure 4 ). Since 1996-97 there has been a decline in PLRX. In nominal terms, the decline is by almost 4 percentage points since the high levels of 1995-96. The decline is less marked in terms of real interest rate. However, it must be pointed out that there has been some lending below the PLR by the commercial banks indicating that trends in PLR can only be a crude proxy for the trends in interest rates in the economy. The drop in interest rates has been widely observed by both the savers and investors since the mid-1990s. The real effective exchange rate, REER, saw a major correction in 1991-92 and 1992-93 after a steady depreciation for about a decade ( Figure 5 ). Since then there has been a relatively stable period marked by a tendency towards appreciation. Although controls on external capital account transactions remain, the rupee is sensitive to supply-demand pressures in foreign exchange markets. The large levels of forex reserves moving closer to $90 billion have led to the strengthening of the rupee. 1971-72 1973-74 1975-76 1977-78 1979-80 1981-82 1983-84 1985-86 1987-88 1989-90 1991-92 1993-94 1995-96 1997-98 1999- 1970-71 1972-73 1974-75 1976-77 1978-79 1980-81 1982-83 1984-85 1986-87 1988-89 1990-91 1992-93 1994-95 1996-97 1998-99 2000-01 2002-03 Performance of Agriculture : The trends in key agricultural variables in this analysis are illustrated in Figures 6, 7 and 8. Private agricultural investment (gross fixed capital formation in constant prices), which rose sharply between 1987-88 to 1990-91, became stagnant for the next three years till 1993-94. It rose steadily again till 1998-99 after which it remained at the same level in the subsequent year. The years 1991-92 to 1993-94 were the periods when the macro-economic parameters were more unstable reflecting the adjustments in policy.
The subsequent period was marked by a few years of strong growth in industry and a climate favourable for investment. This period also appears to have influenced private sector investment in agriculture. However, the public sector capital formation in agriculture has continued to stagnate for well over a decade.
Fiscal pressures on the one hand and preference for subsidies have led to stagnation in Government spending on investment in agriculture. The impact of adverse macro-economic conditions on investment is generally evident in the case of investment. Indicators of terms of trade (calculated as a ratio of wholesale price index for agricultural commodities to wholesale price index of manufacturing products) shown in Figure 7 reflect a relatively stable period from the mid-1980s to the mid-1990s. The index rose sharply between 1995-96 and 1998-99 after which there has again been a stagnation up to 2002-03. The period of stable terms of trade from the mid-1980s to mid-1990s includes the period when fiscal imbalances were growing and were high, as well as period of high rates of inflation. We also note that this has been a period when private sector capital formation 1980-81 1982-83 1984-85 1986-87 1988-89 1990-91 1992-93 1994-95 1996-97 1998-99 GFCF: P bli S t GFCF: Priva te_ Sec to r in agriculture was rising. The years since 1995-96 up to 2002-03 include a period when non-agricultural investment was also on the decline and overall inflation rate decreased especially after 1998-99. In other words, agricultural prices have kept pace with the overall inflation rate especially when the inflation rate has been relatively high. Macro-economic instability, which included high rates of inflation, was also characterised by higher growth in agricultural prices. Agricultural exports increased sharply during the period 1988-89 to 1996-97 ( Figure 8 ). Exports in value terms declined form 1996-97 onwards. The latter decline is attributed to a decline in the unit value of exports during the period when global commodity prices also experienced a decline. Macro-economic factors primarily relating to the real exchange rate would have an impact of exports, including agricultural exports. The decline in exports has occurred during a period when the real exchange rate has been relatively stable or slightly appreciating. 1970-71 1972-73 1974-75 1976-77 1978-79 1980-81 1982-83 1984-85 1986-87 1988-89 1990-91 1992-93 1994-95 1996-97 1998- 1980-81 1982-83 1984-85 1986-87 1988-89 1990-91 1992-93 1994-95 1996-97 1998-99 2000-01 2002-03 Methodology for Assessing the Impact of the Macroeconomic Factors
The Transmission Mechanisms
The broad trends in the macroeconomic factors and measures of agricultural performance indicate fluctuations and changes in pattern over a long period of over three decades (1970-71 to 2000-01) . In the case of macroeconomic variables, the trends reveal upward and downward movements in fiscal deficit, turnaround in current account balance, moderate inflation rate, correction in exchange rate and drop in nominal interest rate. How would these changes have an influence on agriculture?
The policy channel : The mechanisms through which changes in the macroeconomic variables are transmitted to agriculture are several. At a general level, macroeconomic imbalances reflected in the levels of fiscal and current account deficits are characterised by their composition as well. Lower fiscal deficit may be achieved by expenditure compression or revenue expansion. Lower imports or higher exports may achieve lower current account deficit. The manner in which imbalances are realised may also have an impact of its own. Besides these composition effects, the 'twin deficits' have an impact on aggregate prices: interest, inflation, and exchange rates. More importantly, the imbalances also lead to policy responses such as controls on credit availability, access to markets and quality of government services each of which affects all producers, including agriculture.
The investment channel :
The market signals induced by macroeconomic changes have an impact on investment. Changes in interest and inflation rates affect real interest rate, which in turn influences investment decisions of farmers. Poor fiscal conditions also affect government spending on investment projects. In addition, inflation rate may also have an impact on terms of trade (price ratio) as changes in inflation rate may imply differential changes in sectoral price indices. In other words, there may be changes in the 'terms of trade' not only due to the changes in prices resulting from structural factors such as the changes in tariff rates but also due to differences in the speed with which different prices adjust to the macroeconomic shocks.
The exports channel :
The third mechanism is the impact of changes in exchange rate on agricultural exports. Changes in real exchange rate influence the competitiveness of exports in general and 13 hence agricultural exports as well. Changes in the performance of exports influences total demand for farm output and hence overall agricultural output.
There are, thus, potentially individual or direct effects of changes in macroeconomic conditions on agriculture and these effects are further influenced by inter-relationships within agriculture. However, we should also point out that the macroeconomic variables themselves are inter-related and the impact of one change influences the others and the impact on agriculture is not limited to just the change in one factor. The Vector Auto Regressive method is a suitable econometric tool to analyse such inter-relationships.
The vector auto regression (VAR) representation of variables allows an assessment of the inter-relationship in a dynamic framework. Although this representation has often been termed 'a-theoretic', choice of the variables in the VAR can be guided by theory.
An unrestricted VAR model (Sims 1980 ) is written as follows: c is an (n´1) vector of intercept terms; and e t is an (n´1) vector of white noise error terms.
The VAR framework permits us to examine the 'impulse response functions' of one of the variables in the VAR to shocks in the other variables. In other words, we are able to assess the response of say agricultural investment to macroeconomic shocks in a VAR framework. However, in one of the approaches, the results of VAR analysis would be sensitive to the ordering of variables in the VAR. For example, if we have a VAR of three variables, viz., y 1, y 2 and y 3 then the results may vary if we specify VAR as (y 1, y 2, y 3 ) or (y 2, y 1, y 3 ) or (y 3, y 2, y 1 ). To overcome the ambiguity, the 'generalised impulse response functions' have been developed (Pesaran and Shin, 1998) .
The 'variance decomposition' of the VAR allows us to quantify the contribution of different variables in a VAR to the variability of a selected variable. For example, the contribution of macroeconomic variables to the variance of agricultural investment provides an assessment of the impact of the macroeconomic factors on agriculture.
Before proceeding to estimate the impulse response functions and carrying out the variance decomposition analysis, we attempt an examination of causality relationship between macroeconomic and agricultural performance variables. The causality analysis is carried out within the framework of 'block causality' of variables in the VAR. The 'Granger Block Causality' tests allow an assessment of the strength of the transmission mechanisms.
We have examined the generalised impulse response functions and variance decomposition results of selected VARs that include agriculture related variables and the macroeconomic variables. The macroeconomic variables considered in the present analysis are: Where X = agriculture variable, taken one at a time from the list of three noted above; GFD is the gross fiscal deficit of the central government; CAB is the current account balance, INFL is the annual inflation rate based on CPI_IW, PLRX is the interest rate and REER is the real effective exchange rate noted above.
Before proceeding with the analysis, we first examine the stationarity of the variables involved. For the VAR analysis it is necessary that we include only the stationary variables in the VAR. The results of ADF tests for unit roots are summarised in table A.1 in the annexure. The ADF tests suggest that we should include first differences of agricultural investment, agricultural exports and agricultural GDP in the VAR rather than their levels. Accordingly the VARs are specified.
For the estimation of VAR, it is also necessary to specify the length of the lags of variables to be included in the analysis. We have used the AIC criteria for determining the lag-length for the VARs.
Findings Causality Tests :
Existence of a statistical causal relationship between the macroeconomic variables and agricultural variables provides a basis for assessment of the nature of the impact of macroeconomic factors on agriculture. We have carried out 'Granger block causality tests' on the existence of such a relationship between macroeconomic and agricultural performance variables. Five different macroeconomic variables have been chosen for the present analysis of the inter-relationship of agriculture and macro economy. In Table1, we present the results of causality tests on three different agriculture performance variables and selected sets of the macroeconomic variables. 
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There is strong evidence of causality from macroeconomic variables to agricultural GDP. The null hypothesis of absence of such a relationship is rejected at 3 percent level of significance. However, the causality from macroeconomic variables to agricultural exports appears significant when we consider only a subset of the macroeconomic variables. When we drop fiscal deficit from among the macroeconomic variables, causality from macroeconomic factors to exports is significant at a level of probability less than 10 percent. A similar pattern emerges in the case of agricultural investment. When all the five macroeconomic variables are included, the causal relationship is not significant. When we drop fiscal deficit from among the relationship, the causal relationship is still not significant. However, when we drop CAB as well, causality from macroeconomic variables to agricultural investment turns out to be significant.
We have also examined the inter-relationship among the macroeconomic factors as this inter-relationship may influence the relationship between macro variables and agricultural variables. Results in Table 2 show that the macroeconomic imbalances reflected in the fiscal deficit of the Centre and CAB have significant impact on aggregate prices. Thus, the impact of the macroeconomic variables on agriculture is not only through the direct impact of the individual variables but also through the combined effect of different macroeconomic conditions. It is also possible that some of the individual effects may complement each other and some may have an offsetting impact.
The overall conclusion that can be made from the above results is that there appears to be significant impact of macroeconomic variables on agriculture. Although not all the selected variables influence each of the chosen agricultural performance indicators, a subset of the macro variables does influence agriculture significantly.
Impulse Response Functions:
VAR methodology provides an estimate of the impact of a shock in terms of change in one component of VAR on all the components over time. The impact is measured by the impulse response coefficients (Greene, 1997) . We discuss below the results of the impulse response analysis. In each of the cases described below, the impact on agriculture is a result of a one-standard error increase in a macroeconomic variable using one estimated VAR at a time. Three different versions of VAR are estimated for each agricultural performance variable: VAR with five macroeconomic variables (5M-VAR), three macroeconomic variables (3M-VAR) and two macroeconomic variables (2M-VAR). The three alternatives provide a range of results and also indicate the robustness of the findings.
Impulse response analysis provides an estimate of the impact of a shock over time beginning with the year (period) in which the shock is administered. For the purposes of the present analysis, we have presented the results over a 25-year period from the year of the shock. This helps us examine the pattern of the impact and also quantify the impact over a period of time. We note that although the initial shock to the system is in terms of one macroeconomic variable, in the years following the initial shock, the other macroeconomic variables respond to the initial shock and in turn influence the agricultural variable. Thus, the subsequent impact on an agricultural variable, after the initial year, comprises the impact of the initial shock, secondary impact from the other macroeconomic variables and the dynamics of the agricultural variable itself. In the discussion, we attribute the impact to the initial shock but it should be borne in mind that secondary influences are at work, besides the primary or initial shock.
Agricultural Investment and the Macro-economic Factors :
Figure A-1 in Appendix presents the estimated impact of the one-standard error shock of each macroeconomic factor (one at a time) on agricultural investment. Some general observations can be made from the impulse response patterns. First, the impact of GFD of the Centre and CAB lasts over a short period of time relative to the other shocks. The impact of shocks of interest rate, exchange rate and inflation rate continues even up to 25 years. Second, agricultural investment increases in the initial few years due to an increase in GFDC and PLRX before it eventually becomes negative, whereas in the remaining three cases, the impact of an increase in the macro-economic variable reduces the agricultural investment. The impulse responses are also summarised in Table 2 below for the impact in the year 1 of the shock (Year 1 in the table), in two subsequent years and cumulative impact for 5, 10 and 25 years.
The initial positive impact on agricultural investment due to an increase in the nominal interest rate (PLRX) is counter-intuitive. However, one explanation for the result may be that, historically, there would be lead-lag relationship between the nominal interest rate variable chosen here (PLRX) and the interest rate relevant for agricultural investment. This also implies the possibility of a shift in investment from non-agricultural sectors to agriculture as the interest rate change affects non-agricultural sectors first. As time passes, the interest rate applicable for agricultural investment would also increase and hence agricultural investment witnesses a decline. The positive impact of a rise in GFDC in the initial few years suggests that the agricultural sector initially benefits from the demandside effects of higher government expenditure. Some of these higher expenditures may also support input use in agriculture. However, over time, the effect turns negative.
Increase in the inflation rate (CPI_IW) has an adverse effect on agricultural investment. Although higher inflation resulting from crop failures may lead to higher crop prices and improved terms of trade, crop failures also decrease the farmer's ability to borrow and invest. The net impact of inflation on agricultural investment even in such cases is shown here to be adverse.
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Improvement in CAB has an adverse impact on agricultural investment. A lower CAD (or higher CAB) leading to an appreciating rupee may imply lower benefits from exports and slow-down in agricultural investment driven by export demand for agricultural products. This impact is consistent with the impact of an exchange rate shock to the VAR. A rise in the real value of the rupee (rise in REER) leads to a decline in agricultural investment.
We have attempted to examine the 'robustness' of the results by using smaller number of macro-economic variables in the VAR. Table  3 ,4 and 5 provide the pattern of impulse responses when the VAR includes only PLRX, REER and CPI_IW; and GFDC and CAB variables respectively. The results are more or less similar in both the cases to those obtained when all the five macro-economic variables are introduced in the VAR (see 5, 10 and 25 years cumulative impacts). However, in the case of GFDC, when we use the 2M-VAR, the impact on agricultural investment remains positive over the entire period of 25 years.
Agricultural Exports and Macro-economic Factors:
The impulse responses of agricultural exports, presented in Figure A -2 in the Appendix, to macroeconomic factors show a fluctuating pattern relative to the case of agricultural investment shown earlier. The initial (first period) impact on agricultural exports is positive for an increase in exchange rate (REER), inflation rate (CPI_IW) and interest rate (PLRX). In the later period, there is larger negative impact, although the impact is not uniform over time. The pattern is similar for the REER and CPI_IW shocks. The impulse response is summarised in Table 3 below The initial positive impact is likely to be due to the slower adjustment of export prices of agriculture in response to the changes in exchange rate. The fluctuating pattern, however, suggests that the response to macroeconomic changes may be influenced by other factors as well.
An explanation for the initial positive impact of higher inflation rate on agricultural exports again may lie in the differences in the export basket relative to the domestic consumption basket. The initial positive response of agricultural exports to interest rate increase is relatively much smaller than the response to exchange and inflation rates. The credit negotiated for exports may be at a fixed rate of interest and the terms may not change for all exports as soon as the PLR of the banks changes. However, we do observe a negative response thereafter. The initial positive response may also reflect a past pattern in which higher interest rates have followed higher inflation rates and they have also accompanied pressures on balance of payment and hence policies to increase exports. GFDC and CAB have adverse impacts on agricultural exports in the initial year of the shock. As GFDC increases, agricultural exports decrease initially and then see a fluctuating pattern. As CAB improves, agricultural exports see a decrease initially. Rise in fiscal deficit may influence agricultural exports initially as higher fiscal deficit may imply 21 higher domestic demand relative to exports. The adverse impact of improved CAB may arise from relatively reduced policy pressures to increase exports.
3M-VAR and 2M-VAR including agricultural exports as the agriculture performance variable confirm the pattern of impulse response seen in the 5M-VAR (Table 3) .
Agricultural GDP and Macroeconomic Factors :
The overall performance measure for agriculture selected in this analysis is agricultural GDP. Impact of macroeconomic shocks on agricultural GDP captured in the impulse responses is spread over relatively short periods of time ( Figure A-3 in the Appendix). We observe that increase in fiscal deficit initially has a negative impact on agricultural GDP. Earlier we found that fiscal deficit impacts positively on investment in the initial period. Increase in investment may give rise to higher output, which in turn may reduce agricultural prices. Reduction in price in turn may produce a negative impact on agricultural GDP. The initial impact is significant and negative for an increase in inflation rate and increase in interest rate. In the case of exchange rate, GFDC and CAB, the initial impact is small. In all the cases, subsequent impact is greater than the initial impact. The results are summarised in Table 4. Higher rate of inflation is usually accompanied by poor agricultural output. This in turn may adversely affect the income of the farmers for that year and hence their investment capabilities. The adverse effect on output in the next year would thus be a result of this phenomenon. This pattern is captured in the immediate adverse impact of higher inflation rate on agricultural GDP. The adverse impact of higher interest rate on agricultural GDP may also reflect the same pattern of impact as higher inflation and higher interest rates coincide with poor agricultural output.
When the impulse responses are examined with fewer macroeconomic factors in the VAR, the results are broadly consistent with the results from the 5-MVAR. However, the initial impact of REER is positive and greater on agricultural GDP and the initial impact of a rise in CAB and GFDC is adverse and noticeable on agricultural GDP when there are fewer macro-economic variables in the VAR (Table 4) . 
Integrated View of the Results:
Results from three different specifications of the VARs show that the impact of different macroeconomic factors on the three selected agricultural performance variables is not the same. For example, an appreciation of REER is seen to affect agricultural exports and agricultural investment differently. To provide an integrated view of the results, we summarise in Table 5 the estimated impact from the 5M-VAR as this VAR captures a greater variety of direct and indirect linkages between agriculture and macroeconomic factors:
22 Along with some expected linkages, the results also present some counter-intuitive implications of changes in the macroeconomic conditions. However, some of the expected linkages are also present, e.g. rising fiscal deficit at the Centre appears to have an adverse impact on agriculture, be it GDP, exports or investment. Improvement in CAB has a positive impact on GDP. Higher interest rate has a negative impact on GDP and investment. An appreciating rupee has a positive impact on GDP.
Although the VAR results present a 'reduced form' type of impact and, therefore, do not represent structural relationships, some of the estimated impacts are surprising if viewed as a structural relationship: Improvement in CAB has a negative impact on investment; Higher PLRX has a positive impact on exports; the appreciating rupee has a negative impact on investment; or, higher inflation increases agricultural exports. We have attempted to provide a plausible set of explanations for these counter-intuitive findings in the discussion above.
Clearly, it is difficult to identify structural relationships through VARs. But the results presented above show that the macroeconomic factors do influence agriculture through a number of interfaces. Thus, the agricultural sector is not immune to macroeconomic policy changes as generally perceived.
The Variance Decomposition :
VAR methodology presents a means of assessing the contribution of different variables in a system to changes in any given variable within the VAR. The 'variance decomposition' component provides an estimate of the contribution of a variable to the variability of another variable in the VAR. We apply this variance decomposition technique to assess the contribution of the macroeconomic variables to variability in the selected agricultural variables. Table 6 summarises the results of the variance decomposition analysis. For each of the three agricultural variables, we have used VARs comprising three alternative sets of macro-economic factors: 5M-VAR, 3M-VAR and 2M-VAR 5 .
The results indicate that the macroeconomic factors are important in explaining the variability in agricultural performance indicators. The macroeconomic factors in different VARs also point to the fact that the 'price' variables are significant in explaining the variability in the case of agricultural GDP and agricultural investment but not in explaining agricultural exports. The macro imbalances are significant in explaining all the three agricultural performance indicators.
The 5M-VAR results shows that 40-50% of variability in agricultural performance indicators is captured by the macro-level factors. This is a strikingly significant impact and indicates that agricultural sector is not insulated from the overall macroeconomic conditions of the economy. 
Concluding Remarks
In this paper, we set out to assess the impact of macroeconomic factors on agriculture using the time-series approach. There are clearly several mechanisms by which the shocks to macroeconomic variables would be transmitted to decision variables in agriculture and finally affect the performance of the sector. For the purposes of the present analysis, two sets of macroeconomic variables were selected. The price variables, viz., exchange rate, inflation rate and interest rate form one set and the macro imbalances, viz., the ratio of gross fiscal deficit of the centre to GDP at market prices and that of current account balance to GDP at market prices. We also chose three agriculture-related variables: agricultural investment (real), agricultural exports (US$) and real agricultural GDP for measuring the sensitivity of agricultural sector to the macroeconomic conditions.
Causality tests show that the agricultural sector is influenced by macroeconomic conditions. Although the specific macroeconomic factors influencing each agricultural variable may differ, a relationship between macroeconomic conditions and agricultural performance exists.
Results of impulse response analysis capture the direction of the impact of macroeconomic shocks to agriculture. The impact of macroeconomic imbalances is found to be relatively short term whereas the impact of price changes is spread over a long period. The direction of the impact is not always along the 'expected lines' indicated by structural relationships, suggesting significant inter-relationships of variables.
Variance decomposition analysis suggests that macroeconomic factors may contribute 40-50% of the variance of the various agriculturerelated variables. As more macroeconomic factors are considered, their contribution to the variability of agricultural variables increased.
The present analysis has pointed to the substantial impact of macroeconomic factors on agriculture. The analysis does not fully track all the transmission mechanisms but is suggestive of the likely links. While the results need to be qualified by the underlying assumptions, it is difficult to ignore the need to keep in view the changes in the macroeconomic factors to understand the changes in the agricultural sector. 
